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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Sweet potato (Ipomoea batatas L.) is a nutrient-dense tuber often used in traditional diabetic treatment. This

research compares the antidiabetic potential of three sweet potato varieties: orange-fleshed (OFSP), purple-peel

Keywords: white-fleshed (PPWSP), and white-peel white-fleshed (WPWSP), utilising in vitro and in vivo techniques. Sweet
S‘f"eet potato potatoes (OFSP, PPWSP, and WPWSP) boiled at 100°C for 20 minutes were incorporated into formulated diets
Diabetes and administered to streptozotocin-induced diabetic rats for 14 days. Aqueous extracts of the diets were tested in
Streptozotocin . - . . . X  1ge .

Antioxidants vitro for antioxidants and phytochemicals. Glycaemic control parameters, lipid profiles, oxidative stress in-
Dyslipidemia dicators, and pancreatic histology were investigated. Gene expression analysis was performed on critical

diabetes-related pathways. OFSP showed significant strong anti-diabetic benefits, including better glycemic
control, weight maintenance, lower HOMA-IR scores, and lowered a-amylase and a-glucosidase activity. OFSP-
fed rats had higher insulin, glycogen, and hexokinase activity than those given PPWSP and WPWSP. OFSP
decreased mRNA expression of DPP-4 while increasing GLP-1 expression. OFSP also improved lipid profiles,
increasing HDLc while decreasing LDLc and triglycerides more than other varieties. Histopathological exami-
nation revealed restorative effects in pancreatic beta cells. OFSP demonstrated more pronounced antidiabetic
effects compared to PPWSP and WPWSP, particularly in terms of glycemic control, insulin regulation, and lipid
profile improvement. These findings suggest that OFSP may offer significant potential for diabetes management.
However, further clinical studies are needed to validate these results and explore the practical dietary applica-
tions of OFSP in diabetes control.

1. Introduction

Diabetes mellitus is a chronic disease that currently burdens a sig-
nificant portion of the global population. It results from impaired insulin
production or poor cell utilization of insulin [1]. Type-2 diabetes
(T2DM) has become a major health challenge worldwide, leading to a
growing number of cases and deaths each year. As of 2021, over 500
million individuals are living with T2DM, spanning all age groups [2,3].
Projections indicate that the incidence of T2DM will continue to rise
sharply in the coming decades [3], underscoring the urgent need to
explore effective and sustainable therapeutic solutions.

T2DM is primarily characterized by insulin resistance and pancreatic

beta-cell dysfunction, which is often exacerbated by oxidative stress and
inflammation [4-6]. These factors hinder glucose uptake by cells,
leading to persistent hyperglycemia. In addition to high blood sugar
levels, T2DM patients frequently exhibit dyslipidemia, with elevated
cholesterol and triglyceride levels, further increasing the risk of car-
diovascular diseases [7]. The excessive production of free radicals
contributes to oxidative damage, weakening the body’s antioxidant
defense systems and promoting tissue damage [8-10].

Despite the availability of conventional antidiabetic drugs, managing
diabetes remains challenging due to drug side effects, high costs, and
limited accessibility in low-income regions. Many synthetic medications
focus on symptom control rather than addressing the underlying
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metabolic dysfunctions of the disease. Consequently, there is a growing
interest in identifying natural alternatives, particularly functional foods
rich in bioactive compounds, which may offer sustainable strategies for
diabetes prevention and management.

This study investigates the comparative antidiabetic properties of
three varieties of sweet potato—Orange-Fleshed Sweet Potato (OFSP),
Purple-Peel White-Fleshed Sweet Potato (PPWSP), and White-Peel
White-Fleshed Sweet Potato (WPWSP)—using streptozotocin-induced
diabetic rat models. Sweet potatoes (Ipomoea batatas L.) are economi-
cally significant plants with a wide range of flesh colors, including
white, purple, orange, and yellow [11]. Rich in nutrients and bioactive
compounds, sweet potatoes are known for their potential health bene-
fits, including antiobesity, antidiabetic, antilipidemic, and antioxidant
properties [12-15]. These benefits make sweet potatoes an attractive
candidate for traditional medicine, especially in African and Asian
countries, where they play a key role in local diets [14,16]. Notably,
sweet potato consumption is also promoted in some parts of Japan as a
natural therapy for diabetes [17-20]. Almost all sweet potato parts may
be helpful as food, although their respective nutritional compositions
vary from one part to the other [14].

However, it is important to consider the potential side effects of OFSP
consumption, especially with long-term use. While OFSP is generally
considered safe and beneficial, excessive intake of certain bioactive
compounds, such as carotenoids, can lead to mild conditions like car-
otenemia, where the skin may take on an orange tint. Additionally, the
high fiber content of sweet potatoes could cause digestive discomfort,
such as bloating or gas, in some individuals if consumed in large
amounts. Though rare, these side effects highlight the need for balanced
consumption. Furthermore, any potential interactions with pre-existing
medical conditions, such as kidney disease or glucose management is-
sues, should be considered. The current study explores these aspects
while evaluating the health benefits of OFSP as an affordable alternative
to conventional treatments.

The rising global prevalence of diabetes, along with the associated
complications, emphasizes the need for affordable and effective alter-
natives to traditional antidiabetic drugs. Functional foods, particularly
those rich in bioactive phytochemicals, are gaining attention for their
potential to modulate various therapeutic targets involved in the path-
ogenesis of diabetes [21]. Sweet potato, especially OFSP, has emerged as
a promising candidate due to its high polyphenolic content, which
contributes to its medicinal properties. Previous studies have high-
lighted the antidiabetic potential of sweet potato [22-24], but there is
limited research comparing the efficacy of different varieties. OFSP,
PPWSP, and WPWSP have each shown promise in exhibiting antidia-
betic, antilipidemic, and antioxidant effects [25-27], but a direct com-
parison of their relative therapeutic potentials remains unexplored.

Prior studies have demonstrated the potential of sweet potatoes in
managing diabetes, particularly due to their rich content of bioactive
compounds such as anthocyanins, carotenoids, and phenolics. Research
has shown that the consumption of various sweet potatoes can signifi-
cantly lower blood glucose levels, improve insulin sensitivity, and
reduce oxidative stress in diabetic models [28,29]. Solihah et al. [30]
reported the hypoglycemic effect of purple sweet potato leaf fractions in
diabetic rats. However, comparative studies focusing on the effective-
ness of different sweet potato varieties, especially OFSP, in diabetic
treatment remain limited, providing a strong rationale for the current
investigation.

This study seeks to fill this gap by comparing the antidiabetic ac-
tivities of OFSP, PPWSP, and WPWSP, providing valuable insights into
which variety may offer the greatest health benefits. Such knowledge
would be beneficial to the scientific community, healthcare pro-
fessionals, and the food industry, as it could guide the selection of sweet
potato varieties for potential use as affordable and effective antidiabetic
therapies.

By incorporating both in vitro and in vivo approaches, we aim to
evaluate the effects of these sweet potato varieties on glucose and lipid
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Fig. 1. Purple-peel-white-fleshed sweet potato (PPWSP), orange- fleshed sweet
potato (OFSP), and white-peel-white-fleshed sweet potato (WPWSP).

metabolism, as well as antioxidant status. The saponin, anthocyanin,
and carotenoid contents of these varieties will also be quantified to
correlate their bioactive compound content with observed therapeutic
effects. Ultimately, this investigation aligns with the global need for
practical, sustainable, and cost-effective solutions to combat the rising
incidence of type-2 diabetes.

2. Materials and methods
2.1. Processing of the plant materials

Three varieties of sweet potato (Ipomoea batatas L.) tubers (orange-
fleshed sweet potato (OFSP), purple-peel white-fleshed sweet potato
(PPWSP) and white-peel white-fleshed sweet potato (WPWSP) were
obtained from farmland in Warri, Delta State, southern Nigeria in May
2023 at maturity (Fig. 1). The tubers were identified at the Department
of Plant Science and Biotechnology, Ekiti State University, Ado EKkiti,
with voucher specimen numbers UHAE 2023029, UHAE 2023030 and
UHAE 2023031 for the PPWSP, WPWSP and OFSP, respectively. Com-
mercial corn starch (12.12 % moisture content, 0.3 % protein, and 0.9 %
fibre) was purchased from a merchant.

2.2. Preparation of sweet potato samples

The tubers from each variety were washed with water and boiled at
100°C for 20 minutes. Afterwards, the boiled potatoes were peeled and
cut into thin portions, subsequently air-dried at room temperature. A
local pulverizer was used to process the potatoes into a dry powder
stored in sealed bags. Since uncooked cornstarch has a low glycemic
index, it was chosen as the control diet.

2.3. Dietary formulation ingredients

Rice husks were obtained from a rice mill in Igbemo-EKkiti, Ekiti State.
Soybeans were purchased from Ado Ekiti, Ekiti State, Nigeria. The
branded soybean oil was purchased from Boram Foods in Nigeria, while
the multivitamin premix was purchased from Zagro Industries Pte Ltd.,
Bukit Timah, Singapore.

2.4. Chemicals, drugs and assay kits
Acarbose was purchased from Strides Pharma. Inc. New Jersey, USA.
Streptozotocin and all the chemicals used were products of Sigma

Chemical Company, St. Louis, MO, USA. All the assay kits used were
Randox Laboratories Co-Artrim, United Kingdom products.

2.5. Preparation of aqueous extracts from the formulated diets

This study employed the method of [31] to prepare aqueous extracts
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Table 1
Diet formulation for different groups of animals (g/100 g).
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10

Drug/ingredients CTRL VEH CTRL OFSP PPWSP WPWSP STZ STZ + OFSP STZ + PPWSP STZ + WPWSP STZ + ACA
UCF 58.60 58.60 - - - 58.60 - - - 58.60
OFSP - - 58.60 - 58.60 - -
PPFSP - - - 58.60 - - 58.60 -
WESP - - - - 58.60 - - 58.60
Citrate buffer i.p 1 ml - - - - -
ACA - - - - - - - - - 25 mg/kg BW
Cellulose 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Soybean 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Soybean oil 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Premix 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
D-methionine 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Total (g) 100 100 100 100 100 100 100 100 100 100

CTRL, control; STZ, streptozotocin; UCF, uncooked corn flour; OFSP, orange-fleshed sweet potato flour, PPWSP, purple-peel-white fleshed sweet potato flour; WPWSP,
white peel-white-fleshed sweet potato flour; ACA, acarbose. The vitamin premix (mg or IU/g) was the following composition: 3200 IU vitamin A, 600 IU vitamin D3,
2.8 mg vitamin E, 0.6 mg vitamin K3, 0.8 mg vitamin B1, 1 mg vitamin B2, 6 mg niacin, 2.2 mg pantothenic acid, 0.8 mg vitamin B6, 0.004 mg vitamin B12, 0.2 mg
folic acid, 0.1 mg biotin H2, 70 mg choline chloride, 0.08 mg cobalt, 1.2 mg copper, 0.4 mg iodine, 8.4 mg iron, 16 mg manganese, 0.08 mg selenium, 12.4 mg zinc,
and 0.5 mg antioxidant. Group 1(control) included normal control rats fed an uncooked corn flour-based diet; Group 2 included normal rats fed an orange-fleshed
sweet potato (OFSP)-based diet; Group 3 included normal rats fed a purple-peel with white fleshed sweet potato (PPFSP)-based diet; Group 4 included normal rats
fed a white-fleshed sweet potato (WPWSP)-based diet; Group 5 included diabetic control rats fed an uncooked corn flour (UCF)-based diet; Group 6 included diabetic
rats fed an orange-fleshed sweet potato (OFSP)-based diet; Group 7 included diabetic rats fed a purple-peel with white fleshed sweet potato (PPWSP)-based diet; Group
8 included diabetic rats fed a white-fleshed sweet potato (WPWSP)-based diet; and Group 9 included diabetic rats fed an uncooked corn flour-based diet and treated
with acarbose orally/day (25 mg/kg body wt.). Group 2 was given 1 ml of 0.1 mol/L citrate buffer i.p once.

from experimental diets. One hundred millilitres of distilled water
extracted 10 g of each powdered sample for 24 hours. After filtration of
the resulting mixture, the filtrate was freeze-dried, reconstituted and
stored until analysis.

2.6. Determination of polyphenolic contents and in vitro antioxidant
contents of the formulated diets

The total anthocyanin, saponin, total carotenoid, total phenolic, and
total flavonoid contents were determined as previously described
[32-36]. The 1,1-diphenyl-2 picrylhydrazyl (DPPH), 2,2-azinobis
(3-ethylbenzo-thiazoline-6-sulfonate) ABTS*, Fe? *_chelating ability,
hydroxyl radical scavenging ability, nitric oxide, FRAP, and lipid per-
oxidation were evaluated as previously described [37-46].

2.7. Laboratory animals

Eighty (80) adult rats (Wistar strain) were used for this study. The
average weight of the rats was 253 + 22 g, and they were approximately
three to four months old. The rats were sourced from a breeding pack
from an animal facility at the University of Ilorin, Nigeria (Department
of Biochemistry). The animals were acclimatized for two weeks and
cared for according to the guidelines for the care and use of experimental
animals.

2.8. Induction of diabetes via streptozotocin (STZ)/ animal grouping

After the rats were acclimatized, they were sorted and placed on two
dietary regimens (control and high-fat diet; HFD). After feeding for two
weeks, the HFD-fed rats were induced with streptozotocin (STZ). After
an overnight fast, the HFD-fed rats were injected (intraperitoneally)
with 40 mg/kg body weight freshly prepared STZ (dissolved in citrate
buffer; pH 4.5, 0.1 M) to model type 2 diabetes mellitus (T2DM) [45].
The initial blood glucose levels of the rats were recorded (Accu-check
glucometer, Roche Diabetes Care, Inc., USA) before the induction of
diabetes. Food was removed from the rats approximately 12 hours
before blood glucose levels were measured. After 72 hours, a test was
conducted to assess the blood glucose levels after blood samples were
collected through a caudal vein puncture. Blood glucose readings of
250 mg/dl and above were used to identify diabetic rats who were
subsequently used for the present study. The normoglycemic and

diabetic rats were subsequently reallocated into different groups, as
shown below:

e Group 1: Healthy rats (nondiabetic rats) fed a cornstarch-based diet
(basal diet), designated the control (CTRL).

e Group 2: Healthy rats (nondiabetic rats) fed a cornstarch-based
diet, administered 1 ml of 0.1 mol/L citrate buffer i.p once, designated
the vehicle control (VEH CTRL).

e Group 3: healthy rats (nondiabetic rats) fed an OFSP-based diet
(OFSP).

e Group 4: healthy rats (nondiabetic rats) fed a PPWSP-based diet
(PPWSP).

e Group 5: healthy rats (nondiabetic rats) fed a WPWSP-based diet
(WPWSP).

e Group 6: diabetic control rats fed a basal diet; designated STZ-
induced untreated (STZ).

e Group 7: diabetic rats fed an OFSP-based diet (STZ + OFSP).

e Group 8: diabetic rats fed a PPWSP-based diet (STZ + PPWSP).

e Group 9: diabetic rats fed a WPWSP-based diet (STZ + WPWSP).

o Group 10: diabetic rats fed basal diet and orally administered ACA
(25 mg/kg body weight), designated STZ + ACA.

Every three days during the trial (days 1, 4, 7, 10, and 14), the rats’
weight and blood glucose levels were checked while their feed con-
sumption was checked daily. Table 1 displays the compounded diets for
various animal groupings. The rats were fed according to the designated
dietary regimen allocated to their respective groups for two weeks. After
that, all the rats were humanely sacrificed via ketamine and xylazine
euthanasia. EDTA bottles were used for blood collection through the
puncture of the cardiac muscles. The liver, small intestine, and
pancreatic tissues were carefully isolated, cleansed with cold saline, and
blotted with filter paper. The samples were homogenized in phosphate
buffer (pH 7.4, 0.1 M). The resulting homogenates were subjected to
centrifugation. Biochemical assays were conducted on the resulting
clear supernatant.

2.9. Assessment of food intake and rat body weight
A weighing scale was used to measure the amount of food consumed

by the animals daily throughout the experiment. The body weight of
each rat was also measured with a measuring scale.
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2.10. Organ weights

The rat kidneys, pancreas, and liver weights were measured after
excision from the rats. The relative weight was calculated via the
following formula:

Absolute weight 100

Body weight at sacrifice 1

2.10.1. In vivo assays

2.10.1.1. a-Amylase activity. The method of [46] was used to assay the
activity of a-amylase. The pancreatic homogenate (50 puL) was mixed
with buffer (sodium phosphate; pH 6.9; 0.006 mol/L NaCl) and added to
the starch solution. Dinitrosalicylic acid (200 uL) was added to the
resulting mixture after incubation for 10 minutes at 25 oC. This mixture
was also subjected to another round of incubation under the same
conditions. Distilled water was added after the solution was cooled, and
the absorbance values were measured (540nm) with a
UV-spectrophotometer. The activity of a-amylase was calculated and
recorded in units/mg protein.

2.10.1.2. a-Glucosidase activity. By the method of [47], a-glucosidase
activity was assayed in the small intestine. The homogenate of the small
intestines (50 uL) was mixed with buffer (sodium phosphate; pH 6.9;
0.006 mol/L NaCl) and added to glutathione (3 mmol/L). P-nitro-
phenyl-a-d-glucopyranoside (40 uL, 5 mmol/L) was added to the
resulting mixture after incubation for 10 minutes at 37 oC. This mixture
was also subjected to another round of incubation under the same
conditions before introducing sodium carbonate (2 ml). The absorbance
values were measured (405 nm) using a UV-spectrophotometer. The
activity of a-glucosidase was calculated and recorded in units/mg
protein.

2.11. Measurement of total antioxidant capacity (TAC)

A myoglobin solution (50 uL, 18 M) and an ABTS solution (3 mM)
were mixed with phosphate-buffered saline (90 L, 10 mM, pH 7.2) into
which the tissue homogenate was added to a microplate (96 wells). The
resulting solution was mixed adequately for 3 mins at 26 oC. The solu-
tion was incubated after hydrogen peroxide (20 L, 250 uM) was added
to each well. The absorbance values were recorded at 600 nm via a
spectrophotometer (Molecular Devices). The values for total antioxidant
capacity were expressed as umol/mg of protein [48].

2.12. Lipid peroxidation assay

The formation of thiobarbituric acid reactive substances (TBARS)
was used to determine lipid peroxidation. The tissue homogenate was
mixed with a combined solution containing standard malondialdehyde
(0.03 mM), thiobarbituric acid (500 ml; 0.8 %), sodium dodecyl sulfate
(200 ml, 8.1 %), and acetic acid (pH 3.4; 2.5 M) and heated for 1 hour.
The absorbance was measured at 532 nm, and the concentration of
TBARS was recorded as micromoles of malondialdehyde produced per
mg of protein [49].

2.13. Assay of antioxidant enzyme and insulin concentrations

Superoxide dismutase activity was measured by determining the
inhibition of epinephrine autooxidation (at 30 oC, pH 10.2) [50]. The
unit activity of superoxide dismutase refers to the amount of the enzyme
required to inhibit the autooxidation of epinephrine by 50 %. Catalase
activity was also measured in the homogenate by the rate of hydrogen
peroxide absorbance (at 25 oC, 240 nm, pH 7.0) as described previously
[51]. The insulin concentration was determined by immunoassay via an
Elisa ELX405TM kit. HOMA-IR and HOMA-f scores were calculated at
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the end of the intervention according to the following formulas:

HOMA — IR = [Insulin (’LJ) x Blood glucose(222)] — 22.5

20 xInsulin (%)
HOMA —p = — 7

- 35
Blood glucose %‘“)

Conversion factor: Insulin (1 U/L = 7.174 pmol/1) and blood glucose
(1 mmol/1 = 18 mg/dl)

2.14. Measurement of total thiol levels

A prepared reaction mixture containing potassium phosphate buffer
(0.1 M, pH 7.4) and 5,5-dithiobis-2-nitrobenzoic acid (10 ml, 10 mM),
totalling 200 ml, was added to the heart homogenate (40 ml). The
absorbance values were measured at 412 nm after the solution was
incubated for 30 minutes at room temperature. Cysteine was used as a
standard, and the calculations were extrapolated from a standard curve.
The total thiol levels were recorded as pmol/mg protein [52].

2.15. Measurement of non-protein thiol levels

A previously described procedure for the assay of nonprotein thiol
(NPSH) levels was employed in this study [52]. Trichloroacetic acid
(10 %) was mixed with a portion of the heart homogenate (1:1). This
was followed by centrifugation (10,000 rpm, 3 g, 5 min), after which
the clear supernatant was assayed for the available sulfhydryl groups
present following protein precipitation. 5,5-Dithiobis-2-nitrobenzoic
acid (1.5ml, 0.1 mM), heart homogenate (50 ml), and phosphate
buffer (450 ml) were incubated at 37 oC for 10 mins. NPSH values were
recorded as umol/mg of protein.

2.16. Evaluation of lipid profiles, markers and carbohydrate-metabolizing
enzymes

Plasmatic VLDLC, LDLC, HDLC, TG, TC, fructose-1,6-bisphosphatase,
glucose-6-phosphatase, and hexokinase activities and glycogen content
were estimated via standard colorimetric kits (CORMAY, fomianki,
POLAND) according to the commercial instructions for the kits. Serum
albumin was used as a standard, and a Coomassie blue-based protocol
[53] was used for the protein assay.

2.17. Gene expression

The mRNA levels of dipeptidyl-peptidase 4 (DPP-4), protein tyrosine
phosphatase 1B (PTP1B), and glucagon-like peptide-1 (GLP-1) were also
monitored via reverse transcriptase-PCR analysis (RT-PCR).

2.18. Total RNA isolation and cDNA conversion

Cold TRIzol (TRI) reagent served as a homogenizing medium for the
samples. Chloroform was used to partition the total RNA in the sample,
after which centrifugation was carried out (15,000 rpm; 15 mins).
Extraction of RNA was achieved by adding isopropanol, after which the
precipitated RNA pellets were cleansed in ethanol (70 %; 70 ml absolute
ethanol) and nuclease-free water (30 ml). The pellets were added to
sodium citrate (pH 6.4, 1 mM) buffer after air drying for 5 mins. The
quality and quantity of RNA were measured prior to conversion to
cDNA. Treatment with deoxyribonuclease I (NEB) removes any DNA
contaminants, after which reverse transcription converts 100 ng of the
RNA (DNA-free) to complementary DNA. The reaction was performed at
ambient temperature, and reverse transcriptase (M-MuLV) was inacti-
vated at 65 oC for 20 mins [54].
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Table 2
List of primers.
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Primer Accession number Forward Primer Sequence (5'-3') Reverse primer sequence (3'-5) Melting Temp. (oC) Optimum amplicon size
PTP1B NM_013821.3 TCCCGCCATGGAAATGGAGA TCTCGGTACCTGTTCCGGTT 59°C 188 bp
DPP—-4 NM_010476.3 GTGATGGCGATCTGCGACTA AGGCCTAATCTTCCGCACC 61°C 151 bp
GLP-1 NM_011485.5 ACCGTTTACATCGTGGCTGG CCCTGTGAATGGCGTTTCTC 59°C 191 bp
GAPDH NM_031144.3 CTGGCTCCTAGCACCATGAA CGCAGCTCAGTAACAGTCCG 61°C 192 bp

Table 3 components included 2 pL. of cDNA, nuclease-free water (8.5 pL) and
able

Phenolic, anthocyanin, saponin, and flavonoid contents, ICso values (mg/ml) of
in vitro free radical scavenging abilities of aqueous extracts of the compounded
diets.

Parameters A B C D
Saponins (ug Diosgenin 0.15 0.16 0.15 0.19
Eqv./g) + 0.03a + 0.04b + 0.01a + 0.08c
Carotenoids (mg 88.44 112.28 122.28 94.87
B-carotene Eqv./g) + 0.33a + 0.45b + 0.45¢ + 0.35d
Anthocyanins (mg/100 g) 73.98 95.60 91.84 120.65
+0.78a +0.37b + 0.66¢ +0.47d
Total phenolic content 6.25 7.58 12.62 10.64
(mg GAE/g) +0.02a +0.01b +0.01c +0.01d
Total flavonoid content 3.24 5.86 10.94 7.46
(mg QE/g) + 0.01a + 0.01b =+ 0.00c +0.01d
Inhibition of lipid 2.50 1.84 0.31 0.63
peroxidation in rat’s +0.02a + 0.00b + 0.04c +0.03d
pancreas
FRAP 0.76 0.54 0.24 0.29
+ 0.01a + 0.02b + 0.02c + 0.03c
DPPH radical 7.20 0.77 0.35 0.72
+ 0.05a + 0.02b +0.03c +0.04d
OH* radical 0.42 0.37 0.23 0.31
+0.02a +0.01b =+ 0.00c =+ 0.00b
NO* radical 0.35 0.31 0.25 0.28
+ 0.00a +0.01a + 0.00b + 0.00c
Iron chelation 0.44 2.37 1.94 2.43
+ 0.00a + 0.00b =+ 0.00c +0.02d
ABTS* radical 0.28 0.24 1.88 2.21
0.01a + 0.00a =+ 0.00b + 0.01c

A = corn starch-based diet; B = WPWSP-based diet; C = OFSP-based diet; D
= PPWSP-based diet. Each value is the mean of three determinations + SD.
Values with different superscripts across the rows are significantly different
(P <0.05). ND =not detected. White-peel-white-fleshed sweet potato
(WPWSP)-based diet, purple-peel-white-fleshed sweet potato (PPWSP)-based
diet, orange-fleshed sweet potato (OFSP)-based diet. GAE - gallic acid equiva-
lent; QE - quercetin equivalent. FRAP - ferric reducing antioxidant power; NO -
nitric oxide; OH - hydroxy radical; DPPH - 2,2-diphenyl-1-picrylhydrazyl,
ABTS* - 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid).

2.19. PCR amplification

The primers (100 pmol, 2 uL) displayed in Table 2 were used for the
polymerase chain reaction (PCR) amplification stage. Other reacting

Table 4
Effects of different varieties of sweet potato-based diets on the body weights (g)
of normal and streptozotocin-induced diabetic rats.

Treatment groups  Initial weight (g)  Final weight (g§) = %Weight Change

CTRL 230.25 + 0.86° 276.75 + 1.50° 16.81
VEH CTRL 234.00 + 1.73° 277.00 + 1.23° 15.52¢
OFSP 244.25 + 0.86° 277.25 + 1.11° 11.91
PPWSP 274.66 + 2.509 289.50 + 1.50° 5.131

257.50 + 1.23°
218.33 +1.23¢

WPWSP 214.60 + 1.73°
STZ 258.00 +1.73

16.661
18.16)

STZ + OFSP 245.00 +1.738 240.00 + 1.23¢ 2.08)
STZ + PPWSP 264.16 + 0.86 257.83 + 1.50° 2.45]
STZ + WPWSP 251.00 + 1.75 233.00 + 1.28 f 7.72)
STZ + ACA 241.60 + 0.86" 225.80 +1.118 6.62]

The data are expressed as the means + SDs (n = 8). akyalues with different
letters along a column for a given parameter are significantly different
(P < 0.05) from each other. Weight loss ( |); Weight gain ( 1)

master mix (Ready Mix Taq PCR). The annealing procedure was per-
formed for 30 seconds after denaturation for 30 seconds (at 95 oC), and
the sample was extended for 1 minute. A final extension was carried out
at 72 oC for 10 mins. Negative control was created that did not contain
any cDNA [54].

2.20. Pancreatic tissue histopathology

Pancreatic samples were stored in formalin (10 %) in preparation for
clearing and tissue dehydration. After thin sample layers were
embedded in paraffin, ultrathin slices were excised via a microtome.
Eosin and hematoxylin were used as stainers during examination with a
microscope. The morphometric and morphological features of the
samples were evaluated.

2.21. Statistical analysis

The data collected during this study were subjected to a one-way
analysis of variance (ANOVA). All the results were analyzed and
expressed in terms of the mean and standard deviation. Duncan multiple
range test was carried out to test the significance level between the
means, with the level of significance recorded at p < 0.05.

3. Results and discussion
3.1. Phytochemical contents and in vitro antioxidant parameters

Saponins, carotenoids, and anthocyanins are commonly investigated
phytochemicals. Saponins are complex compounds with soap-like
characteristics known to possess antilipidemic properties because they
lower cholesterol and triglyceride levels in dyslipidemic conditions
[55]. Saponins can also lower blood glucose, as previously reported by
authors [55,56]. Carotenoids are widely known for their antioxidant,
anticancer, antihyperglycemic, and anti-inflammatory activities [57],
whereas anthocyanins are a class of flavonoids known to possess potent
antioxidant and antidiabetic properties [58]. The results demonstrated
that the saponin and carotenoid contents of the PPWSP were signifi-
cantly greater than those of the OFSP and WPWSP (p < 0.05) (Table 3).
Additionally, the anthocyanin content was more significant in OFSP
than in PPWSP and WPWSP. These findings suggest that the PPWSP may
display better antilipidemic activity than OFSP and WPWSP. OFSP may
also possess better antioxidant potential than PPWSP and WPWSP.

This study also examined the total phenolic content, total flavonoid
content, and in vitro antioxidant abilities of OFSP, PPWSP, and WPWSP-
based diets. Iron-chelating ability, ferric-reducing antioxidant power
(FRAP), inhibition of hydroxyl radicals (OH*), nitric oxide radicals
(NO*), DPPH radicals and ABTS radicals were also assessed (Table 3).
Compared with the PPWSP and WPWSP samples, the total phenolic and
flavonoid content of the OFSP samples was higher (p < 0.05). This
observation could result from environmental factors, origin, or genetic
variation. The difference could also be attributed to the structural
makeup of most phenolics and flavonoids, as they share common
structural properties such as aromatic rings and hydroxyl groups
[59-61]. WPWSP had the highest values for FRAP. Compared with the
PPWSP and WPWSP, the OFSP had the lowest ICso value in the rat
pancreas, whereas the PPWSP had the highest OH* radical inhibition
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Table 5
Effects of different varieties of sweet potato-based diets on organ weights and food intake in normal and streptozotocin-induced diabetic rats.
Pancreas Kidney Liver
Absolute weight ~ Relative Absolute weight ~ Relative Absolute weight ~ Relative Food intake (g/rat/ Weight of rat at sacrificial
©® weight (8) weight (€3] weight 14 days) time (g)
CTRL 0.41 + 0.06a 0.14 + 0.02a 1.60 + 0.43a 0.56 £+ 0.15a 7.20 +1.87a 2.60 £+ 0.67a 230.78 + 0.80a 276.75 £ 1.50a
VEH CTRL 0.42 £+ 0.01a 0.15 + 0.01a 1.61 + 0.20a 0.57 £ 0.33a 7.22 £ 0.30a 2.63 £ 0.36a 230.14 £ 0.53a 277.00 £+ 1.23a
OFSP 0.54 + 0.00b 0.19 + 0.00b 1.95 + 0.19b 0.70 + 0.06b 8.45 4 0.45b 3.04 + 0.97b 230.71 £ 1.43a 277.25 +1.11a
PPWSP 0.51 + 0.01b 0.17 £+ 0.00c 1.85 + 0.25¢ 0.63 £ 0.08¢ 10.30 + 1.31c 3.55 £ 0.45¢ 230.92 + 1.14a 289.50 + 1.50b
WPWSP 0.45 + 0.0c 0.17 £ 0.01c 1.90 + 0.29b 0.73 £+ 0.20d 9.85 + 2.18d 3.82 + 0.84d 230.79 £ 0.80a 257.50 + 1.23c
STZ 0.19 £+ 0.03d 0.08 + 0.00d 0.82 + 0.28d 0.36 £ 0.12e 4.90 £+ 1.05e 2.17 £ 0.41e 230.78 £ 1.21a 218.33 +£1.23d
STZ + OFSP 0.34 £ 0.01e 0.12 + 0.00e 1.75 + 0.44e 0.67 8.05+1.17 f 3.12 230.93 + 1.54a 240.00 £ 1.23c¢
+0.17f +045f
STZ 0.33 £ 0.0e 0.15 + 0.00a 1.93 £ 0.16b 0.66 753+171g 2.58 230.92 £+ 1.14a 257.83 £+ 1.50e
+ PPWSP £0.46g +£0.18g
STZ 0.21 £0.01 f 0.08 + 0.00d 1.66 +0.30 f 0.52 6.93 +1.52h 2.16 £+ 0.25e 230.78 £ 0.80a 233.00 +1.28 f
+ WPWSP +0.24h
STZ + ACA 0.25+0.01 g 0.11 1.66 + 0.34 f 0.75 + 0.14i 6.45 + 0.98i 2.76 230.14 £ 0.53a 22580+ 1.11¢g
+0.00 f +0.42h

The data are expressed as the means + SDs (n = 8). *'Values with different letters along a column for a given parameter are significantly different (P < 0.05) from each

other.

value. NO* radicals were most inhibited by the WPWSP, whereas the
PPWSP most inhibited ABTS* radicals. The iron-chelation properties of
the PPWSP were greater than those of the OFSP and WPWSP. Previous
studies have correlated free radical scavenging properties with pheno-
lics [62,63]. Thus, the phenolic contents of the WPWSP, OFSP, and
PPWSP may be responsible for their free radical scavenging abilities.

3.2. Body weight

Weight management is considered a crucial factor in type-2 diabetes
management. According to the literature, a weight loss management
strategy may be helpful for type-2 diabetic patients [64]. Thus, the
prevention of excessive weight gain and the ability to buffer weight
change within a physiologically acceptable limit are good attributes that
must be introduced by potential antidiabetic solutions [65,66]. Table 4
displays the weights of rats before and after the study. A considerable
percentage of weight gain (p < 0.05) was recorded for all the normal
rats fed PPWSP, WPWSP, and OFSP. Among all the normal rats fed sweet
potato diets, those fed the PPWSP presented the lowest % weight gain
compared with the control rats and those fed other sweet potato-based
diets.

The diabetic rats induced with STZ presented the most significant
weight loss percentage. However, the weight loss percentage was lower
in the rats fed the OFSP- and PPWSP-based diets than in the rats fed the
WPWSP-based diet. Thus, sweet potato-based diets could sustain weight
change over time. These findings indicate that the OFSPP, PPWSP, and
WPWSP may be considered potentially effective alternatives for weight
management in diabetic patients.

Table 6

3.3. Organ weights

There is a minimal correlation between caloric intake and fat accu-
mulation in the body [67], especially in visceral organs. Moreover,
obesity has been reported to influence visceral organs’ weight [68]
negatively. Excessive weight gain is accompanied by consuming excess
calories through diets that abound in fats and carbohydrates [67].
Owing to these facts, organs such as the liver and pancreas are at risk of
abnormal weight gain owing to an inability to filter excess fat produced
over time. On the other hand, low food intake may cause severe organ
weight loss due to a lack of nutrient supply, which may affect the
muscles of the liver and kidneys if persistent. Adequate dietary inter-
vention may be helpful to resolve negative changes in the weight of
organs. Table 5 shows the effects of the OFSP, PPWSP, and
WPWSP-based diets on the weights of the pancreas, kidneys, and liver of
normal and diabetic rats. In the normal rats fed the OFSP, PPWSP, and
WPWSP-based diets, the diets slightly increased the weights of the
pancreas, kidneys, and liver (p < 0.05). However, a significant decrease
in weight was observed across all the groups after induction with STZ
(p < 0.05) compared with the normal rats. This weight loss may be
attributed to many factors, such as persistent hyperglycemia-induced
oxidative stress, the absence of insulin or insulin insensitivity, inflam-
mation [69,70], and the general loss of muscle mass (protein) due to
insufficient nutrients. Favorably, the weights of the pancreas, kidneys,
and liver of the rats fed the OFSP, PPWSP, and WPWSP-based diets were
normalized in all the diabetic rats. These diets may have exhibited
weight management due to the presence of antioxidants (phenolics and
flavonoids), which have been linked with weight loss activity [13,71].
These findings may indicate that the OFSP, PPWSP, and WPWSP may

Effects of different varieties of sweet potato-based diets on fasting blood glucose levels (mg/dL) in normal and streptozotocin-induced diabetic rats.

FBG value at different days of treatment

Treatment groups FBG value FBG value 5 8 11 14 % Change on day 14
before induction 72 hrs after induction
CTRL 103.42 + 0.96 104.71 + 0.96 103.00 + 1.63 100.00 + 0.73 99.43 £ 1.51 106.00 + 1.50 +1.22
VEH CTRL 93.33 £1.73 97.66 + 1.72 99.00 + 0.87 94.33 £ 1.70 97.33 £1.23 98.66 + 1.73 +1.01
OFSP 96.25 + 0.86 98.50 + 0.86 99.25 + 1.52 98.50 + 1.70 99.25 +1.73 99.75 +1.31 +1.25
PPWSP 92.33 £1.73 97.50 + 1.72 104.83 + 0.96 90.66 + 1.56 102.66 + 1.53 101.83 +1.53 +4.25
WPWSP 92.40 + 0.86 97.75 + 0.81 100.25 £ 1.70 100.50 +£1.73 103.75 + 1.41 100.25 + 1.49 +2.74 *
STZ 82.00 + 0.86 277.60 + 0.87 293.60 + 1.73 308.20 + 0.86 321.60 + 1.50 350.60 + 1.50 +20.82 *
STZ + OFSP 89.00 + 0.86 254.33 + 0.91 195.80 + 1.70 182.66 + 1.52 138.83 +1.21 115.66 + 0.96 -119.89*
STZ + PPWSP 96.00 + 1,53 292.00 £+ 1.63 271.33 £ 0.86 203.33 £1.73 163.33 £ 1.63 150.00 + 1.62 —94.67%
STZ + WPWSP 85.40 +1.73 300.60 + 1.64 275.66 + 1.63 226.33 + 1.74 200.66 + 1.63 197.00 + 1.53 -52.59%
STZ + ACA 89.00 +1.73 290.83 + 1.75 278.33 £1.43 220.50 +£1.71 178.33 +1.43 135.50 + 1.38 -114.63*

The data are expressed as the means + SDs (n = 8). The values are significantly different at *p < .05 versus CTRL, *p < .05 versus STZ. FBG = Fasting blood glucose.

Decrease (-), increase (+).
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Fig. 2. Effect of different varieties of sweet potato-based diet on blood glucose
level (mg/ml) of normal and streptozotocin-induced diabetic rats. Data are
expressed as mean + SD (n = 8).

reverse muscle wasting in diabetic rats, further strengthening the po-

tential of these varieties as functional weight management solutions for
diabetic subjects.

3.4. Fasting blood glucose

Fasting blood glucose, alternately called fasting glucose, is essential
for diagnosing and monitoring diabetes. It refers to the basal

Toxicology Reports 14 (2025) 102015

concentration of plasma glucose approximately more than 8 hours after
a meal, usually an overnight fast. In normoglycemic individuals, fasting
glucose should not exceed 100 mg/dL. However, impaired fasting blood
glucose may lead to inflated values ranging between 100 and 125 mg/dL
[72-74]. Table 6 and Fig. 2 show the effects of the OFSP, PPWSP, and
WPWSP-based diets on fasting blood glucose at different intervals.
Seventy-two hours after the rats were induced with STZ, all the rats were
confirmed to be diabetic because the average fasting blood glucose
readings were above 125 mg/dL: 254.33 mg/dL (OFSP), 292 mg/dL
(PPWSP), and 300.60 mg/dL (WPWSP). After 5 days of dietary inter-
vention with the OFSP, PPWSP, and WPWSP-based diets, the average
fasting blood glucose values decreased from 254.33 mg/dL to
195.80 mg/dL (OFSP), 292 mg/dL to 271.33 mg/dL (PPWSP), and
300.60 mg/dL to 275.66 mg/dL (WPWSP), respectively. Fasting blood
glucose steadily and progressively decreased in all the rats fed the OFSP,
PPWSP, and WPWSP-based diets. After 14 days, diabetic rats placed on
the OFSP displayed a significant percentage change in fasting blood
glucose (-119.89 mg/dL) compared with diabetic rats (STZ group)
(p < 0.05). This trend was closely followed by the diabetic rats in the
PPWSP (-94.67 mg/dL) and WPWSP (-52.59 mg/dL) groups (p < 0.05).
The observed antihyperglycemic effects could be due to essential phy-
tochemicals such as flavonoids, alkaloids, saponins, and polyphenols,
which have all been linked to improved glucose metabolism in diabetic
subjects [75]. Furthermore, the OFSP-based diet performed better than
the acarbose diet, with a % change in fasting glucose of —114.63 mg/dL

Table 7

Effects of different varieties of sweet potato-based diets on the lipid profiles of normal and streptozotocin-induced diabetic rats fed sweet potato based diets.
Groups PARAMETERS

TG (mg/dL) TC (mg/dL) LDL-c (mg/dL) HDL-c (mg/dL) VLDL-c (mg/dL)

CTRL 36.42 + 0.26° 41.42 +0.14° 13.40 + 0.44% 23.91 + 0.33° 4.32 + 0.05°
VEH CTRL 36.12 + 0.25% 40.86 + 0.07% 13.17 + 0.94° 23.49 + 0.14° 4.22 + 0.05
OFSP 31.92 + 0.67° 35.59 + 0.12° 9.96 + 0.11° 29.32 + 0.78° 3.38 +0.13°
PPWSP 34.37 + 0.30° 39.54 + 0.91¢ 10.24 + 0.18° 25.46 + 0.11¢ 3.87 + 0.06™°
WPWSP 35.61 + 0.32% 39.58 + 0.07° 10.89 + 0.29¢ 24.60 + 0.87%¢ 4.12 + 0.06
STZ 52.27 + 0.26° 63.38 + 0.49¢ 35.56 + 0.55° 12.38 + 1.39° 15.45 + 0.05°
STZ + OFSP 36.65 + 0.04¢ 39.15 + 0.91¢ 15.75 + 0.24 f 17.89+0.71f 5.55 + 0.24¢
STZ + PPWSP 37.92 +0.18¢ 37.80 £ 0.14 f 16.63 +0.87 f 15.46 + 0.81 8 5.81 +0.11¢
STZ + WPWSP 38.85 + 0.86° 40.47 £ 0.56 ¢ 19.75 + 0.24 8 13.67 +£1.22" 7.17 £ 0.17°
STZ + ACA 36.16 +£1.85 38.43+0.35" 17.63 +0.87 f 15.42 +0.318 5.48 + 0.74¢

The data are expressed as the means + SDs (n = 8). & Values with different letters along a column for a given parameter are significantly different (P < 0.05) from
each other. *TC (total cholesterol); TG (total triglyceride); *HDL-c (high-density lipoprotein-cholesterol); *VLDL-c (very low-density lipoprotein-cholesterol); *LDL-c

(low-density lipoprotein-cholesterol)
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after 14 days. Therefore, the OFSP may have better blood
glucose-regulating potential than the PPWSP, WPWSP, and acarbose.

3.5. Blood lipid profile

Lipid profile anomalies are peculiar to cases of atherosclerosis during
diabetes [76]. These anomalies are characterized by concurrent inflation
of serum low-density lipoprotein (LDL) and triglyceride levels and a
reduction in high-density lipoprotein (HDL) levels. In the present study,
we evaluated the influence of OFSP, PPWSP, and WPWSP-based diets on
the lipid profile of diabetic rats. The parameters assessed are displayed
in Table 7. The diabetic rats in the STZ group presented significant in-
creases in TG, TC, LDL-c, and VLDL-c levels, with corresponding de-
creases in HDL-c levels (p < 0.05). However, compared with the STZ
and acarbose groups, the OFSP, PPWSP, and WPWSP-based groups
presented significant decreases in TG, TC, LDL-c, and VLDL-c. Interest-
ingly, all the diets also significantly augmented the levels of HLD-c
(p < 0.05). The OFSP-based diet performed better than the PPWSP
and WPWSP-based diets in reducing TG, LDL-c, and VLDL-c levels while
significantly augmenting HDL-c levels (p < 0.05). According to previous
studies, the serum level of LDL is linked with atherogenicity [76],
especially in type-2 diabetes patients. In this study, all the sweet
potato-based diets demonstrated antilipidemic potential. The results
also suggest that OFSP may effectively lower atherogenicity in type-2
diabetes patients because of its ability to lower LDL-c levels better
than acarbose. These results may also explain why the OFSP-based diet
resulted in better glycemic control than the PPWSP and WPWSP-based
diets since previous studies have suggested a positive correlation be-
tween glycemic control and the lipid profile [77].

3.6. a-Amylase activity and a-glucosidase activities

a-Amylase and a-glucosidase are starch hydrolases relevant to the
metabolism of carbohydrates (polysaccharides and oligosaccharides)
into glucose units for absorption in the small intestine. These enzymes
are primary therapeutic targets for antidiabetic interventions [78,79]. In
type-2 diabetes, inhibiting both a-amylase and a-glucosidase is a potent
approach for preventing the intestinal absorption of glucose, thereby
exerting glycemic control [80,81]. This study assessed the activities of
OFSP, PPWSP, and WPWSP-based diets as potential inhibitors of

*p < .05 versus STZ, values with different superscript

a-amylase and a-glucosidase activities in vivo (Fig. 3). Compared with
the normal rats in the control group, the diabetic rats in the STZ group
presented significantly increased a-amylase and a-glucosidase activities
(p < 0.05). Compared with the normal control rats, the normal rats fed
the OFSP, PPWSP, and WPWSP-based diets presented significantly lower
a-amylase and a-glucosidase activities (p < 0.05). Additionally, OFSP,
PPWSP, and WPWSP-based diets significantly inhibited the activities of
a-amylase and a-glucosidase (p < 0.05). Interestingly, OFSP-based diets
inhibited a-amylase activity better than PPWSP, WPWSP, and acarbose
in normal and diabetic rats. Furthermore, OFSP-based diets resulted in
more excellent a-glucosidase inhibitory activity than PPWSP, and
WPWSP-based diets did in both normoglycemic and diabetic rats
(p < 0.05).

The present investigation suggested that the increased a-amylase and
a-glucosidase activities exhibited by rats fed OFSP, PPWSP, and
WPWSP-based diets may be associated with increased expression of both
enzymes at the gene level. A suitable inhibitor of a-amylase and
a-glucosidase should also be able to modulate blood glucose by sup-
pressing their activities [82,83]. Thus, this study suggests that
OFSP-based diets display better antidiabetic potential by suppressing
a-amylase and a-glucosidase activities.

3.7. Liver glycogen content and serum insulin levels

The liver is a vital organ associated with carbohydrate metabolism. It
is the site for the storage of glucose units as glycogen. It is sensitive to the
presence of insulin, and thus, it plays a vital role in sending signals for
glycogen generation. Diabetes is characterized by dysfunctional insulin
signalling (insensitivity) and secretion, affecting glycogen metabolism
[84,85]. The effects of different sweet potato-based diets on the liver
glycogen content and serum insulin levels of normal rats and
streptozotocin-induced diabetic rats are displayed in Fig. 4. The results
revealed that the liver glycogen content of normal rats fed the
OFSP-based diet was significantly greater than that of normal rats fed
the PPWSP and WPWSP-based diets (p < 0.05) compared with the
control group.

Additionally, there was an increase in insulin levels in normal rats
fed OFSP, PPWSP, and WPWSP-based diets (not significant at p < 0.05).
These findings indicate that the diets positively influence liver glycogen
content and insulin levels. The results also revealed that diabetic rats in
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Fig. 5. Effect of different varieties of sweet potato-based diet on (a) Homeostasis model assessment-insulin resistance (HOMA-IR) (b) Homeostasis model assessment-
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the STZ group presented significantly decreased liver glycogen content
and serum insulin levels (p < 0.05). These findings indicate an impair-
ment in glucose and glycogen metabolism in the liver. However, the
OFSP and PPWSP-based diets were able to significantly increase the liver
glycogen content compared with the STZ group and the acarbose group,
with the OFSP-based diet resulting in the highest liver glycogen content
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compared with the PPWSP and WPWSP-based diets (p < 0.05).
Furthermore, all the sweet potato-based diets presented increased
insulin levels compared with those in the acarbose group, although the
difference was insignificant. Nonetheless, the insulin levels observed in
the diabetic rats fed the OFSP, PPWSP, and WPWSP-based diets were
significantly more significant than the diabetic rats in the STZ group. In
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Fig. 6. Effect of different varieties of sweet potato-based diet on carbohydrate metabolizing enzymes (a) Hexokinase (b) Glucose-6-phosphatase (c) Fructose-1,6-
bisphosphatase activities of normal and streptozotocin-induced diabetic rats. Each value is a mean of 8 determinations + SD. Values are statistically different at
¢p < .05 versus CTRL, * *p < .05 versus STZ, values with different superscript letters are significantly different (p < .05), ns = not statistically different.
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summary, the results showed that the OFSP-based diet increased the
liver glycogen content and insulin levels more efficiently than the
PPWSP and WPWSP-based diets. These findings suggest that sweet
potato-based diets may exert their antidiabetic effects by increasing
insulin levels and liver glycogen content.

3.8. HOMA-IR and HOMA-$ scores

HOMA-IR and HOMA-p are commonly used statistical estimators of
insulin resistance and beta cell function in type-2 diabetes [86]. Both
indices depend on glucose and insulin fasting levels to measure the ef-
ficiency of glucose metabolism and insulin activity [87]. Higher
HOMA-IR levels indicate insulin resistance, whereas lower levels of
HOMA-p translate to inefficient beta cell functionality. In the present
study, the HOMA-IR scores were significantly lower in normal rats fed
sweet potato diets (OFSP, PPWSP, and WPWSP), with the OFSP-based
diet exhibiting a lower HOMA-IR score than the control diet, PPWSP,
and WPWSP-based diets did (p < 0.05) (Fig. 5). Conversely, normal rats
fed sweet potato-based diets presented significantly higher HOMA-f
scores than the control group.

Interestingly, OFSP-based diets presented the highest HOMA-f} score
compared to the control and other sweet potato-based diets. The STZ
group also presented higher HOMA-IR and lower HOMA-§ levels
(p < 0.05). The results further revealed a trend reversal, as the OFSP,
PPWSP, and WPWSP-based diets significantly lowered HOMA-IR levels
and significantly increased HOMA-p levels compared with those in the
STZ and acarbose groups. Concerning the HOMA-IR and HOMA-f levels,
the OFSP-based diet produced good scores, indicating that the OSP-
based diet improved beta cell function and attenuated insulin resis-
tance in diabetic rats. This observation could also explain its ability to
improve glucose metabolism in the diabetic state.

3.9. Hexokinase, glucose-6-phosphatase, and fructose-1,6-bisphosphatase
activities

Hexokinase, glucose-6-phosphatase (G6P), and fructose-1,6-
bisphosphatase (FBP) are key regulatory enzymes linked with glucose
metabolism through the glycolytic pathway. Their indispensable roles in
the glycolytic pathway render them credible biomarkers for the effi-
ciency of glucose metabolism. Hexokinase is a glycolytic enzyme that
catalyzes the conversion of glucose into its phosphorylated form
(glucose-6-phosphate) via ATP. G6P is a substrate for glycolysis and the
hexose monophosphate shunt [88-90]. Under diabetic conditions,
hexokinase activity decreases due to the reduced glucose uptake by the
cells for metabolic utilization because of decreased hexokinase mRNA
and enzyme production [90]. However, G6P and FBP are gluconeogenic
enzymes. The gluconeogenesis pathway activities increase due to
dysfunctional insulin sensitivity in type-2 diabetes patients. Thus,
increased activities of G6P and FBP are associated with insulin insensi-
tivity and reduced glucose utilization in the liver under diabetic con-
ditions [85]. Fig. 6 shows the effects of various sweet potato-based diets
on hexokinase, G6P, and FBP activities in normal and
streptozotocin-induced rats. Compared with the control group, the
normoglycemic group of rats fed the OFSP, PPWSP, and WPWSP-based
diets presented improved hexokinase activity (not significant at
p < 0.05) and decreased activity of G6P and FBP (significant at
p < 0.05).

Furthermore, all the diabetic rats in the STZ group presented
significantly decreased hexokinase activity and significantly increased
G6P and FBP activity (p < 0.05). However, compared with the STZ diet,
all the sweet potato-based diets significantly improved hexokinase ac-
tivity. Additionally, the sweet potato-based diets significantly reduced
the activities of G6P and FBP compared with those in the STZ and
acarbose groups. Moreover, OFSP-based diets were more effective than
acarbose, PPWSP, and WPWSP-based diets. Therefore, the results sug-
gest that the OFSP-based diet is more efficient than the PPWSP and
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peptidase IV (DPP-4) mRNA expression of normal and streptozotocin-induced
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tistically different at ¢p < .05 versus CTRL, * *p < .05 versus STZ, values with
different superscript letters are significantly different (p < .05), ns = not sta-
tistically different.
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Fig. 8. Effect of different varieties of sweet potato-based diet on glucagon-like
peptide 1 (GLP-1) mRNA expression of normal and streptozotocin-induced
diabetic rats. Each value is a mean of 8 determinations + SD. Values are sta-
tistically different at ¢pp < .05 versus CTRL, * *p < .05 versus STZ, values with
different superscript letters are significantly different (p < .05), ns = not sta-
tistically different.

WPWSP-based diets for regulating hexokinase, G6P, and FBP activity
under diabetic conditions. This finding also suggests another possible
mechanism through which OFSP regulates glucose metabolism better
than PPWSP and WPWSP.

3.10. mRNA expression of the enzymes DPP-4, GLP-1, and PTP1B

DPP-4, GLP-1, and PTP1B are linked with glucose metabolism and
are notable in the pathogenesis of diabetes mellitus (type-2). DPP-4 is
known for its role in degrading incretins. As such, the levels of GLP-1 are
regulated by the levels of DPP-4 [91]. GLP-1 plays a vital role in sensi-
tizing insulin secretion from the beta cells while inhibiting the release of
glucagon from alpha cells to regulate blood glucose [92]. It can also
support weight management in diabetic patients by inducing satiety.
This action of DPP-4 on GLP-1 negatively affects the secretion of insulin
and, ultimately, glucose metabolism. Protein tyrosine phosphatase 1B
(PTP1B) is known for its negative influence on insulin signaling routes
by suppressing insulin sensitivity [93]. The present study assessed the
effects of OFSP, PPWSP, and WPWSP-based diets on the expression of
the DPP-4, GLP-1, and PTP1B genes (Figs. 7 - 9). In normal rats placed on
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sine phosphatase 1B (PTP-1B) mRNA expression of normal and streptozotocin-
induced diabetic rats. Each value is a mean of 8 determinations + SD. Values
are statistically different at ¢pp < .05 versus CTRL, * *p < .05 versus STZ, values
with different superscript letters are significantly different (p < .05), ns = not
statistically different.

the OFSP, PPWSP, or WPWSP, there was no significant change in the
expression of the DPP-4 and PTP-1B genes, whereas there was a signif-
icant change in the expression of GLP-1 compared with that in the
control group (p < 0.05). In the STZ group, the expression of the DPP-4
and PTP1B genes significantly increased, whereas the expression of
GLP-1 significantly decreased (p < 0.05). The results also revealed that
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the OFSP, PPWSP, and WPWSP-based diets significantly downregulated
the expression of the DPP-4 and PTP1B genes while concurrently
increasing the expression of the GLP-1 gene (p < 0.05). Notably, the
OFSP-based diet improved GLP-1 expression and reduced DPP-4
expression better than the PPWSP and WPWSP-based diets. Addition-
ally, the PPWSP-based diet reduced PTP1B gene expression compared
with the OFSP and WPWSP-based diets. These observations point to
improved glycemic control by sweet potato-based diets. These in-
vestigations suggest that the antidiabetic potential of OFSP, PPWSP, and
WPWSP may be associated with their ability to downregulate DPP-4 and
PTP1B gene expression while upregulating GLP-1 gene expression.

3.11. Antioxidant levels

Antioxidants are potent molecules that ameliorate the negative
impact of free radicals in the body. The defensive role of antioxidants is
crucial for maintaining homeostasis while preventing the oxidation of
structurally important molecules present in body organs [94,95]. Oxy-
gen facilitates the generation of reactive species, which ultimately
damage cells and disrupts normocellular activities [96,97]. In type-2
diabetes, generating these reactive species is implicated in vascular
complications associated with the disease [98]. The excessive genera-
tion of reactive oxygen species drastically inhibits the production of
essential antioxidants, such as glutathione, glutathione peroxidase,
glutathione reductase, catalase, and superoxide dismutase [97]. The
sources of free radicals that induce oxidative stress may include protein
glycation (nonenzymatic) and excessive autoxidation of lipids (peroxi-
dation) [97,99]. Hyperglycemia, dyslipidemia, and hyperinsulinemia
also trigger notable diseases in the vascular system, which cause
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Fig. 10. Effect of different varieties of sweet potato-based diet on (a) total thiol (TSH) (b) non protein thiol (NPSH)(c) Total antioxidant capacity (TAC) (d) serum
total protein levels of normal and streptozotocin-induced diabetic rats. Each value is a mean of 8 determinations + SD. Values are statistically different at ¢pp < .05
versus CTRL, * *p < .05 versus STZ, *“values with different superscript letters are significantly different (p < .05), ns = not statistically different.
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cally different.

exponential production of reactive oxygen species, thereby inducing
oxidative stress [97,100]. In this study, the effects of OFSP, PPWSP, and
WPWSP-based diets on total thiol, nonprotein thiol, total antioxidant
capacity, total protein, catalase (CAT), and superoxide dismutase (SOD)
levels were examined. The levels of reactive oxygen species and
malondialdehyde were evaluated (Figs. 10 - 11). The present study’s
findings revealed that compared with the control diet, the OFSP,
PPWSP, and WPWSP-based diets improved the antioxidant levels
(p < 0.05). A significant increase in total thiol, nonprotein thiol, total
antioxidant capacity, CAT, and SOD activities was observed (p < 0.05),
although there was no significant change in total protein levels.
Concurrently, there was a significant decrease in the production of
malondialdehyde and reactive oxygen species. These findings indicate
that OFSP, PPWSP, and WPWSP-based diets will likely protect normal
rats by increasing their antioxidant defences.

Furthermore, significant decreases in total thiol, nonprotein thiol,
total antioxidant capacity, CAT, and SOD activities were detected in the
STZ group, which was also associated with concurrent increases in ROS
and malondialdehyde levels (p < 0.05) (Figs. 10 - 11). Interestingly, all
the sweet potato-based diets efficiently reversed the oxidative effect of
STZ by significantly increasing the levels of antioxidant parameters
(total thiol, nonprotein thiol, total antioxidant capacity, CAT, and SOD)
in diabetic rats (p < 0.05). This trend was also accompanied by a sig-
nificant decrease in ROS and malondialdehyde levels (p < 0.05).

OFSP’s higher antioxidant content, particularly its rich supply of
polyphenolic compounds such as anthocyanins and carotenoids, is
believed to play a significant role in its antidiabetic effects. Antioxidants
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help mitigate oxidative stress, which is a major contributor to the
pathophysiology of type-2 diabetes [101]. In diabetic conditions,
excessive production of reactive oxygen species (ROS) leads to damage
of pancreatic beta cells, impairing insulin secretion, and to the
dysfunction of other metabolic processes [101]. The antioxidants in
OFSP scavenge these ROS, reducing cellular oxidative damage and thus
protecting pancreatic cells. This antioxidant activity not only helps to
preserve insulin secretion but also improves insulin sensitivity by
modulating key signaling pathways involved in glucose metabolism
[102]. Furthermore, antioxidants may reduce inflammation and
improve lipid metabolism, both of which are commonly disrupted in
diabetic patients [103]. By improving oxidative stress levels and miti-
gating its damaging effects, OFSP’s antioxidant-rich composition pro-
vides a potential mechanism for its beneficial impact on blood glucose
control and overall metabolic health.

3.12. Histopathological studies

Streptozotocin (STZ) is a potent and commonly used diabetogenic
agent because of its selective toxicity to beta cells of the pancreas [104].
Streptozotocin decreases the number of islet cells in the pancreas,
leading to hyperglycemia. As such, it is often used in experimental an-
imal models involving type-1 or type-2 diabetes [104]. Fig. 12 shows the
effects of the OFSP, PPWSP, and WPWSP-based diets on the structure of
the pancreatic islets of normal and STZ-induced diabetic rats. The results
revealed a significant decrease in the number and size of pancreatic is-
lets in the STZ group compared with those in the control group
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Number of pancreatic Islets

10b

Fig. 12. Effect of different varieties of sweet potato-based diet on the structure of pancreatic islets of normal and streptozotocin-induced diabetic rats.Islet cells
(yellow arrowhead), capillaries (black arrowhead), acinar cells (white arrowhead), blood vessels (star), long black arrow (Islet diameter). The magnification of parts
of all a’s are x 800 and parts of all b’s are x 80. (Scale bar = 51 pm), H&E staining.(C and D) Graphical representation of the number of pancreatic islets mean
diameter and pancreatic islets analyzed with the aid of ImageJ software (1.48 V). [1 = healthy rats (Non-diabetic rats) fed corn starch-based diet (basal diet),
designated as control (CTRL), 2 = healthy rats (Non-diabetic rats) fed corn starch-based diet but given 1 ml of 0.1 mol L~ citrate buffer i.p once, designated as
vehicle control (VEH CTRL), 3 = healthy rats (Non-diabetic rats) fed OFSP-based diet, designated as (OFSP), 4 = healthy rats (Non-diabetic rats) fed PPWSP-based
diet rats, designated as (PPWSP), 5 = healthy rats (Non-diabetic rats) fed WPWSP-based diet, designated as (WPWSP), 6 = Diabetic control rats fed basal diet and
were designated as STZ-induced untreated (STZ), 7 = diabetic rats fed OFSP-based diet, designated as (STZ + OFSP), 8 = diabetic rats fed PPWSP-based diet,
designated as (STZ + PPWSP), 9 = diabetic rats fed WPWSP-based diet, designated as (STZ -+~ WPWSP), 10 = diabetic rats fed basal diet and administered ACA orally

(25 mg/kg body weight), designated as (STZ + ACA)].

(p < 0.05). However, the OFSP, PPWSP, and WPWSP-based diets were
able to reverse this effect by causing a significant increase in the number
and size of the pancreatic islets. These findings suggest that the OFSP,
PPWSP, and WPWSP may possess regenerative properties that help beta
cells produce more insulin. The results also revealed that the
OFSP-based diet significantly increased the size of the pancreatic islets
more than the acarbose, PPWSP, and WPWSP-based diets (p < 0.05).
Additionally, no significant difference in the number of pancreatic islets
was observed between the OFSP and WPWSP-based diets and the acar-
bose diet. Thus, the OFSP may be more effective in reversing damage to
the pancreas than the PPWSP and WPWSP are.

4. Conclusion

The current findings presented in this study revealed that OFSP,
PPWSP, and WPWSP demonstrated antidiabetic potentials to varying
degrees. However, OFSP displayed superior antidiabetic potentials than
PPWSP and WPWSP by upregulating the gene expression of GLP-1,
downregulating DPP-4, and PTP1B genes, decreasing HOMA-IR score
and fasting blood glucose, while improving insulin metabolism, liver
glycogen content, fructose-1,6-bisphosphatase, hexokinase, glucose-6-
phosphatase activities and HOMA-p score. OFSP also reversed damage
to the pancreas by enhancing the size of the pancreatic islets more than
PPWSP and WPWSP. Overall, we propose that OFSP may be more
effective than PPWSP and WPWSP for antidiabetic therapy. However,
future research could further explore the underlying molecular mecha-
nisms responsible for their observed effects on glucose and lipid meta-
bolism. Additionally, it is important to acknowledge that the study
primarily relies on animal models. Long-term clinical trials are needed
to assess the safety, efficacy, and potential side effects of these sweet
potato varieties in human populations, particularly in individuals with
type-2 diabetes.
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